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An apparatus and method for generating reference timings.
Each of at least two Node Bs transmits a first channel signal
for providing a reference timing and a second channel signal
different from the first channel signal and a UE has a
plurality of fingers for demodulating the first channel sig-
nals. A first timing generator receives an SFN of a reference
Node B having a communication link established with the
UE, selects a first channel FB timing from a reference finger,
and generates an SFN reference timing based on the SFN
and the selected first channel FB timing. A second timing
generator generates a second channel FB timing to demodu-
late the second channel signal of the reference Node B from
the selected first channel FB timing through offset control.
A third timing generator generates an uplink channel FB
timing having a predetermined oflset from the second chan-
nel FB timing.
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APPARATUS AND METHOD FOR
GENERATING TRANSMISSION/RECEPTION
REFERENCE TIMING IN A MOBILE
TERMINAL

PRIORITY

This application claims priority under 35 U.S.C. § 119 to
an application entitled “Apparatus and Method for Gener-
ating Transmission/Reception Reference Timing 1n a Mobile

Terminal™ filed in the Korean Industrial Property Ofiice on
May 3, 2002 and assigned Serial No. 2002-24546, the
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a mobile ter-
minal, and in particular, to an apparatus and method for
generating a transmission/reception timing in a mobile ter-
minal adopting asynchronous code division multiple access
(CDMA).

2. Description of the Related Art

Along with the rapid development of mobile communi-
cation technology, user demands for various services have
increased with a drastic increase in the amount of data traflic
for the services. To transmit larger amounts of data at high
rate, 3’? generation (3G) mobile communication systems

have been designed. There are two categories of 3G systems:
an asynchronous system, (wide-band CDMA (W-CDMA))

and a synchronous system (CDMA-2000). W-CDMA was
adopted as the standard for Europe, while CDMA-2000 as
the standard for the U.S. In CDMA-2000, each base station
(BS) receives reference timing information from global
positioning system (GPS) satellites and acquires the whole
system synchronization based on the reference timing infor-
mation. In W-CDMA systems, Node Bs are not synchro-
nized to each other in reference to time. There 1s no need to
synchronize the Node Bs to the GPS timing. Hence, timing
control in W-CDMA systems 1s more difficult, relative to

timing control mn CDMA-2000.

With reference to FIG. 1, channel signal transmissions
from a BS 1n a CDMA-2000 system will be described below.

FIG. 1 1s a block diagram of a channel transmitting appa-
ratus for a BS 1n a typical CDMA-2000 system.

Referring to FIG. 1, upon generation of information bits
110 targeted at mobile station (MS) “m,” a CRC & tail bits
adder 111 adds a CRC (cyclic redundancy code) and tail; bits
to the mformation bits 110. An encoder 113 encodes the
CRC & tail bits-added bits at a predetermined coding rate,
for example, at 13 1n a predetermined coding method such as
convolutional coding or turbo coding.

A repeater 115 repeats code symbols received from the
encoder 113 according to the number of bits transmittable on
a physical channel such as a dedicated physical channel
(DPCH), a fundamental channel (FCH), or a sync channel
(SCH). A puncturer 119 punctures some of the repeated
symbols according to the number of bits suitable for the
physical channel. An iterleaver 119 block-interleaves the
punctured symbols to prevent burst errors. A sequence
repeater 121 repeats the interleaved symbols on a sequence
basis and transmits the repeated sequences on the physical
channel. Hereinafter, a signal delivered on a physical chan-
nel such as DPCH, FCH, or SCH 1s referred to as “W” and
a signal delivered on any other physical channel 1s referred
to as Y.

10

15

20

25

30

35

40

45

50

55

60

65

2
The signal W 1s applied to the input of a multiplier 123
and a long code mask for MS m (1.e., user m), 1s fed to a long
code generator 125. The long code generator 125 generates
a long code for MS m 1n correspondence with the long code
mask, and a decimator 127 decimates the long code. A power
control bit (PCB) position detector 137 detects timing for

transmitting PCBs, that 1s, the positions of the PCBs using
the decimated signal.

The multiplier 123; multiplies the signal W by the deci-
mated signal. A signal mapper 129 maps Os and 1s of the
multiplied signal to +1s and —1s, respectively when 1t uses
binary phase shift keying (BPSK). A channel gain controller
131 multiplies the output of the signal mapper 129 by a
predetermined channel gain, for power amplification. A
predetermined number of PCBs, for example, 16 PCBS for
a 20-ms frame or 4 PCBS {for a 5-ms frame, are fed to a
torward power control sub-channel gain controller 135. The
forward power control sub-channel gain controller 135
multiplies the received PCBs by a forward power control
sub-channel gain. A power control symbol puncturer 133
iserts a transmission power control (TPC) symbol received
from the forward power control sub-channel gain controller
135 at the positions detected by the PCB position detector
137 1n the output of the channel gain controller 131. The
resulting physical channel signal containing power control
symbols 1s referred to as X.

Meanwhile, the signal Y (signals delivered on any other
physical channel other than DPCH, FCH, or SCH), 1s fed to
a channel gain controller 139. The channel gain controller
139 multiplies the signal Y by a predetermined channel gain.
A demultiplexer (DEMUX) 141 demultiplexes the output of
the channel gain controller 139 1n time and outputs the
demultiplexed symbols to multipliers 143 and 145. If the
output of the channel gain controller 139 1s successive
symbols S1 and S2, the DEMUX 141 feeds the symbol S1
to the multiplier 143 and the symbol S2 to the multiplier 145.
A multiplier 147 multiplies a quasi-orthogonal function
(QOF) signal by a Walsh function signal. The Walsh func-
tion 1s, for example, a Walsh code. The multipliers 143 and
145 multiply the outputs of the DEMUX 141 by a signal
received Irom the multiplier 147, respectively. A rotator 149
rotates the outputs of the multipliers 143 and 145 by 90
degrees when the QOF signal 1s enabled under a predeter-
mined control. A complex multiplier 151 multiplies the
outputs of the rotator 149 by an 1n-phase (I) channel pseu-
dorandom noise (PN) code PNI and a quadrature-phase (Q)
channel PN code PNQ), respectively. Pulse shaping filters
153 and 1535 filter the complex signals received from the
complex multiphier 151. A multiplier 157 multiplies the
output of the pulse shaping filter 153 by a first carrier
cos(2nwct), and a multiplier 161 multiplies the output of the
pulse shaping filter 155 by second carnier sin(2mwct). An
adder 159 sums the outputs of the multipliers 157 and 161
and outputs the resulting channel signal s(t). The signal X
input to the DEMUX 141 as indicated by a dotted line 1s also
processed 1n the same manner and a corresponding channel
signal 1s generated.

As described above, the channel transmitting apparatus
multiplies a channel signal by a Walsh code and a PN code
and then converts the channel signal to a pulse signal. The
pulse signal 1s modulated to an RF signal using a carrier.
Theretfore, the MS must generate the Walsh code and the PN
code using the same reference timing as that of the BS, and
receive the channel signal using 1dentical Walsh and the PN
codes for accurate demodulation. Hence, the BS transmits
only the PN code free of the Walsh code on a pilot channel
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(PICH) to allow the MS to detect the accurate code timings
of the Walsh code and the PN code.

With reference to FIG. 2, the timing relation between BSs
in the CDMA-2000 system will be described below. FIG. 2
schematically illustrates the timing relation between the BSs
in the CDMA-2000 system.

Referring to FIG. 2, an SCH 211 of a first BS has a zero
pilot oflset and an SCH 2351 of a second BS has a pilot oflset
that 1s a multiple of 64 chips (64 chipsxN). Since each BS
uses a PN code having a fixed time offset, for example, a 64
chipsxIN time offset 1n the CDMA-2000 system, a MS can
acquire the PN code timings of 1ts neighbor BSs only if the
MS acquires the PN code timing of one BS. The PN code has
a predetermined period, for example, 32,768 chips (=26.6
ms). If the MS acquires the PN code timing of the first BS,
it also acquires the PN code timing of the second BS, which
1s 64 chipsxN apart from the PN code timing of the first BS.

However, if the MS 1s 1n a power-on condition, the
operation timing of the PN code generator 1n its searcher
differs from the reference timing that i1s the PN code timing
of a serving BS. For accurate channel demodulation, the MS
synchronizes 1ts PN code timing to that of the BS. This
process 1s called “EPOCH”. During the EPOCH, the MS
receives a PICH signal from the BS, varying the PN code
timing of the PN code generator. If the recerved PICH signal
has a correlation equal to or greater than a preset threshold
at a certain timing, the timing 1s determined as the PN code
timing of the BS.

When a traffic channel 1s assigned between the MS and
the BS, a frame offset . exists between the frame boundaries
(FBs) of the PICH and the traflic channel. The frame offset
1s random and maintained until the traflic channel 1is
released. If the MS moves to another cell, a soft handover
occurs. The target BS added to an active set receives
information about the frame oflset a from the old BS.
Although a BS can manage a plurality of cells, 1t 1s assumed
here that the BS manages only one cell. After the soft
handover 1s completed, the target BS assigns a traflic chan-
nel with the frame offset o to the MS. Accordingly, 1f the MS
receives signals from the two BSs, they arrive at the same
timing despite diflerent pilot offsets.

Meanwhile, since a signal 1s transmitted 1n multiple paths
in the real radio channel environment, the MS receives a
channel signal from the BS 1n at least one path. Multi-path
signals reach the MS at diflerent arrival time according to
the lengths of the paths. Thus, correlations equal to or
greater than the threshold are obtained at different timings.
To receive the multi-path signals, the MS uses a rake
receiver. The rake receiver includes a plurality of fingers for
demodulating each multi-path signal. Each finger demodu-
lates a signal from a corresponding path and a combiner
combines the demodulated signals, thereby effecting diver-
sity. In other words, even if some of the multi-path channel
signals are bad, channel signal reception performance 1s
improved by combiming the bad channel signals with the
other normal channel signals.

The above-described “EPOCH” will be described with
reference to FIGS. 3A and 3B. FIG. 3A schematically
illustrates a positive slew in an FPOCH 1n an MS 1n the
typical CDMA-2000 system. The following description of
FIG. 3A 1s conducted on the assumption that a PN code
period 1s 8 chips (0 to 7).

In FIG. 3A, the difference between the PN code timing of
the PN code generator in one of fingers in the MS searcher
and that of a BS (i.e. reference timing) 1s 1llustrated. A signal
Mobile Rx 311 1s the BS PN code timing received at the
finger. Since the PN code period 1s 8 chips, the PN code
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4

timing starts from 0, proceeds to 7, and then resumes from
0. A signal Ofiset Counter 313 1s the PN code timing of the
PN code generator. As 1llustrated 1n FIG. 3 A, the reference
timing 1s 2 chips earlier than a zero EPOCH point of the PN
code timing 1n the PN code generator. In other words, the PN
code timing of the PN code generator 1s 2 chups earlier than
the reference timing. Hence, the PN code generator must
generate a PN code with a time delay of 2 chips 1n order to
synchronize the PN code timing to the reference timing.
Thus, the PN code generator slews 2 chips positively, as
indicated by reference numeral 315. The positive slew
changes the PN code timing by 2 chips clockwise with
respect to the reference timing “REF”.

FIG. 3B schematically illustrates negative slew i1n an
EPOCH 1n the MS 1n the typical CDMA-2000 system. The
following description of FIG. 3B 1s also conducted on the
assumption that a PN code period 1s 8 chips (0 to 7).

In FI1G. 3B, the difference between the PN code timing of
the PN code generator and that of the BS 1s illustrated. The
signal Mobile Rx 311 1s the BS PN code timing received at
the finger. Since the PN code period 1s 8 chips, the PN code
timing starts from 0, proceeds to 7, and then resumes from
0. A signal Offset Counter 351 1s the PN code timing of the
PN code generator. The reference timing 1s 2 chips later than
the zero EPOCH point. Hence the PN code generator
operates twice faster than in a normal operation to synchro-
nize the PN code timing to the reference timing. That 1s, the
PN code generator slews 2 chips negatively, as indicated by
reference numeral 353. The negative slew changes the PN
code timing by 2 chips counterclockwise with respect to the
reference timing “REF”.

As described above, upon power-on, the MS receives
PICH signals from neighbor BSs, calculates their correla-
tions (1.e. energies), and assigns multi-path signals acquired
by the energies to fingers. Fach finger slews positively or
negatively to thereby synchronize the PN code timing of a
PN code generator to a BS PN code timing. This 1s called
“microprocessor-directed slew”. Each finger can correct the
PN code timing with an accuracy of up to a Us-chip
resolution. A slew requiring fine correction for the Ys-chip
resolution 1s termed “a slew by time tracking”.

Although the fingers generate different PN code timings,
demodulated signals from the fingers must be combined at
a certain time point. Since the PN code timings may be
changed by slews, combining timing independent of the PN
code timings 1s needed. A reception (Rx) reference timing
generator (RTG) 1s responsible for generating the combining
timing. It 1s possible to generate an Rx reference timing only
if the Rx RTG 1s independent of the PN code timing of each
finger, but related to the PN code timing of one arbitrary
finger. The finger associated with generation of the Rx
reference timing 1s called “a reference finger™.

The relation between the PN code timings of the fingers
and the combining timing will be described with reference
to FI1G. 4. FI1G. 4 1llustrates the relation between the PN code
timings of the fingers and a combiner 1n the MS searcher 1n
the typical CDMA-2000 system.

Referring to FIG. 4, 1t 1s assumed that the MS searcher has
four fingers, finger 0 to finger 3, finger 1 1s a reference finger,
and a PN code has a period of 26.67 ms. In view of the
26.67-ms period, one pilot symbol contains 128 chips. The
four fingers receive PICH signals through an antenna. A
predetermined time later, for example, three symbols later,
they receive signals “FNG_PN_ROLL n”. A signal FNG-
_PN_ROLL n 1s generated the predetermined time aiter an
nth finger starts to receive a PICH signal. Because each
finger has a different PN code timing, bullered demodulation
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symbols must be read at the same combining timing using
the signal FNG_PN_ROLL n. As illustrated in FIG. 4, i
finger 1 1s a reference finger, the combiner combines 1n
synchronization to the signal FNG_PN_ROLL 1 generated
at finger 1. The Rx reference timing generated in the Rx
RTG provides a symbol combining timing for the combiner
and a reference timing for later demodulation such as
deinterleaving and channel decoding. Thus, the Rx reference
timing serves as a base for the overall timings of the channel
signal demodulation.

In the CDMA-2000 system, when the MS moves to
another BS (1.e. soft handover), the Rx reference timing 1s
maintained since the PN code timings between the BSs are
synchronized to the GPS timing. Also, the transmission (Tx)
reference timing of the MS 1s 1dentical to the Rx reference
timing. Therefore, there 1s no need for controlling the Tx
reference timing separately. Now, the structure of the RTG
for generating the Tx and Rx reference timings will be
described below with reference to FIG. S.

FIG. 5 1s a block diagram of the RTG 1n the MS 1n the
typical CDMA-2000 system. Referring to FIG. 5, a signal
FO_PICH_ANT_ROLL 1s generated at the time when finger
0 starts to recetve a PICH signal, a signal
F1_PICH_ANT_ROLL 1s generated at the time when finger
1 starts to recetve a PICH signal, a signal
F2 PICH_ANT_ROLL is generated at the time when finger
2 starts to recetve a PICH signal, and a signal
F3_PICH_ANT_ROLL is generated at the time when finger
3 starts to receive a PICH signal. That 1s, a signal
n_PICH_ANT_ROLL 1s generated when finger n starts to
receive a PICH signal through an antenna. This 1s diflerent
from the signal FNG_PN_ROLL n depicted 1n FIG. 4. The
signal FNG_PN_ROLL n 1s generated a predetermined time
(c.g. 3 symbols) after finger n receives a PICH signal,
whereas the signal PICH_ANT_ROLL n i1s generated when
finger n receives the PICH signal.

The signals FO_PICH ANT ROLL,
F1_PICH_ANT_ROLL, F2_PICH _ANT_ROLL, and
F3_PICH_ANT_ROLL are fed to corresponding fixed delay
counters 311, 513, 515 and 517. The fixed delay counters
511 to 517 delay the received signals by a predetermined
time (e.g. 3 symbols) and output the delayed signals

PICH_ANT_ROLL 0, PICH_ANT_ROLL 1,
PICH_ANT_ROLL 2, and PICH_ANT_ROLL 3. A selector
519 selects one of the signals PICH_ANT_ROLL 0,
PICH_ANT_ROLL 1, PICH_ANT_ROLL 2, and
PICH_ANT_ROLL 3 according to a reference ﬁnger select
signal REF_FNG recerved from a controller (not shown).
The reference finger select signal REF_FNG selects the
reference finger. In general, the finger that receives the PICH
signal earliest, 1s selected as the reference finger. However,
alternate methods for selecting the reference finger exist. In

this example, finger 1 1s the reference finger. Thus, selector
519 selects the signal FNG_PN_ROLL 1 and feeds 1t to the

Rx RTG 521.

Rx RTG 521 slams (resets) 1tself to the imput signal, and
counts an Rx reference timing period. For example, since the
Rx reference timing has a period of 20 ms in CDMA-2000,
Rx RTG 519 generates the Rx reference timing of 20 ms
alter slamming. If the reference finger i1s changed, the
controller picks a new reference finger using the signal
REF_FNG, and the selector 519 outputs a diflerent signal
correspondingly. A slow tracker 525 slow tracks the Rx
reference timing to the changed timing received from the
selector 519. The reason for slow tracking the change of the
Rx reference timing 1s to prevent combining errors in
received signals.
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The Rx reference timing 1s fed to both a downlink offset
controller 523 and a Tx RTG 3527. The downlink offset
controller 523 acquires a forward FB (DL_FB) by adjusting
a forward FB oflset based on the Rx reference timing. The
Tx RTG 527 generates a Tx reference timing based on the
Rx reference timing. The uplink oflset controller 529
acquires a reverse FB (UL_FB) by adjusting a reverse FB
oflset based on the Tx reference timing.

In CDMA-2000, when an MS receives channel signals
from a plurality of BSs at a soft handover, the MS can
receive the channel signals from the other BSs without
separate reference timing controls only 11 1t acquires the PN
code timing of one arbitrary BS, because BSs are synchro-
nized to each other based on GPS timing. In W-CDMA, on
the other hand, there i1s no synchromization established
between Node Bs and thus each Node B controls reference
timing independently. Therefore, when a user equipment
(UE) recerves channel signals from a plurality of Node Bs,
it must control a reference timing for each Node B. As a
result, 1t 1s 1mpossible to generate Tx and Rx reference
timings using a single RTG. Hence, there 1s a need for a
searcher implemented 1n a minimum amount of hardware to
generate the Tx and Rx reference timings 1n a single RTG.

SUMMARY OF THE

INVENTION

It 1s, therefore, an object of the present mmvention to
provide an apparatus and method for generating Tx/Rx
reference timing 1n a UE 1n an asynchronous CDMA system.

The above object 1s achieved by an apparatus and method
for generating reference timings. Each of at least two Node
Bs transmits a first channel signal for providing a reference
timing and a second channel signal different from the first
channel signal and a UE has a plurality of fingers for
demodulating the first channel signals. In the reference
timing generating apparatus, a first timing generator receives
a system frame number (SFN) of a reference Node B having
a communication link established with the UE, selects a first
channel FB timing from a reference finger, and generates an
SEFN reference timing based on the SFN and the selected first
channel FB timing. A second timing generator generates a
second channel FB timing to demodulate the second channel
signal of the reference Node B from the selected first
channel FB timing through ofiset control. A third timing
generator generates an uplink channel FB timing having a
predetermined oflset from the second channel FB timing.

In the reference timing generating method, an SEFN of a
reference Node B having a communication link established
with the UE 1s received, a first channel FB from a reference
finger that earliest demodulates the first channel signal from
the reference Node B 1s selected among the FB timings of
the first channel signals from the reference Node B demodu-
lated 1n the fingers, an SFN reference timing 1s generated
based on the SFN of the reference Node B and the first
channel FB timing of the reference finger, a second channel
FB timing 1s generated by giving a predetermined timing
oflset to the first channel FB timing of the reference finger
to demodulate the second channel signal from the reference
Node B, and an uplink channel FB timing i1s generated to
have a predetermined oflset from the second channel FB
timing.

BRIEF DESCRIPTION OF THE

DRAWINGS

The above and other objects, features and advantages of
the present mvention will become more apparent from the
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following detailed description when taken in conjunction
with the accompanying drawings in which:

FIG. 1 1s a block diagram of a channel transmitting
apparatus for a BS 1n a typical synchronous CDMA system;

FIG. 2 schematically illustrates the timing relation
between BSs 1n the typical synchronous CDMA system;

FIGS. 3A and 3B schematically illustrate positive slew

and negative slew 1 an EPOCH in the MS 1in the typical
synchronous CDMA system;

FI1G. 4 schematically illustrates the PN code timing rela-
tion between fingers and a combiner in an MS searcher 1n the
typical synchronous CDMA system;

FIG. 5 1s a block diagram of an RTG for the MS 1n the
typical synchronous CDMA system;

FIG. 6 1s a block diagram of an RTG for a UE 1n an
asynchronous CDMA system according to an embodiment
of the present invention;

FIGS. 7A, 7B and 7C schematically illustrate Rx refer-
ence timing tracking with different tracking gaps 1in an Rx
RTG 1llustrated 1n FIG. 6; and

FIG. 8 schematically illustrates the timing relation
between Node Bs at a soft handover according to the
embodiment of the present invention.

(Ll

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

Various embodiments of the present invention will be
described herein below with reference to the accompanying
drawings. In the following description, well-known func-
tions or constructions are not described 1n detail since they
would obscure the invention 1n unnecessary detail.

FIG. 6 1s a block diagram of an RTG for generating a
reference timing 1n a UE 1 an asynchronous CDMA system
according to an embodiment of the present invention. For
clarity of description, the asynchronous CDMA system 1s
assumed to be a W-CDMA system.

Referring to FIG. 6, the RTG 1s comprised of a reference

counter 601, (defined as a PN code timing generator), three
system frame number (SFN) RTG units 600, three Rx RTG

units 630, and a Tx RTG unit 650. Each of the SEN RTG
units 600 manages SFN reference timing for a correspond-
ing target cell and each Rx RTG unit 630 manages Rx
reference timing for receiving a corresponding target chan-
nel from a target cell designated as a reference cell. When a
soit handover occurs, three Node Bs are usually considered,
which correlates to the three SFIN RTG units 600 provided

in the UE. Meanwhile, since the UE manages six neighbor
Node Bs 1n its active set, six SFN RTG units 600 can be

provided.

On the assumption that the UE receives three transport
channels from the reference cell, three Rx RTG units 630 are
adopted. The transport channels are herein a coded compos-
ite transport channel (CCTrCH), a paging indicator channel
(PICH), and an acquisition indicator channel (AICH). Obvi-
ously, the number of the Rx RTG umits 630 can vary
according to the number of transport channels for which
reference timings are considered.

Table 1 below lists the functions and usages of the
components of the RTG, for transmitting/receiving channel
signals normally 1n the UE.
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TABLE 1
Function Usage
Reference Runs free after EPOCH Provides
counter reference
timing to
searcher
and each
finger
Rx RTG unit  Provides demodulation timing for Reference
downlink channel mapped to signal
CCTrCH, synchronizes to B of for Rx
earliest finger when readjusted, and  demodulation
fast tracks earliest finger. timing
Tx RTG unit Tracks timing of reference finger for Reference
reference cell, synchronizes to FB of signal
the reference finger when readjusted, for Tx
and slow tracks reference finger. timing
SFN RTG unit  Synchronizes to timing of reference  Manages
finger for each cell and directly SEFN of
follows timing of each reference each cell and
finger without tracking. operates for

active set

As the UE 1s powered-up, fingers 1n a searcher perform an
EPOCH process to synchronize to the PN code timing of a
Node B. The reference counter 601 acquires the PN code
timing synchronization in the EPOCH process by slewing
positively or negatively. Since a scrambling code 1s used as
a PN code in W-CDMA, the PN code timing can be said to
be “scrambling code timing”.

The SFN RTG unit 600 will be described 1n more detail.
Three SFN RTG units 600 are implemented for target cells
m (m=1, 2 and 3), as stated before. For the sake of
convenience, 1t 1s assumed that one Node B manages one
cell. Each SFN RTG unit 600, as it 1s enabled, runs {free and
1s 1nitialized by synchronizing to the FB of a reference finger
for target cell m. If the searcher has 8 fingers, finger 0 to
finger 7, for example, each finger receives a common pilot
channel (CPICH) signal 1from the Node B.
FO_CPICH_ANT_FB indicates the FB of a CPICH signal
received at finger 0, F1_CPICH_ANT_FB indicates the FB
of a CPICH signal received at finger 1,
F2_CPICH_ANT_FB indicates the FB of a CPICH signal
received at finger 2, F3_CPICH_ANT_FB indicates the FB
of a CPICH signal received at finger 3, F4 CPICH_ANT_FB
indicates the FB of a CPICH signal received at finger 4,
F5 CPICH_ANT_FB indicates the FB of a CPICH signal
received at finger 5, F6_CPICH_ANT_FB indicates the FB
of a CPICH signal received at finger 6, and
F7_CPICH_ANT_FB indicates the FB of a CPICH signal
received at finger 7. Thus, Fn_ CPICH_ANT_FB denotes the
FB of a CPICH signal received at finger n. The FB timing
will eventually become PN code timing.

A selector 611 selects the PN code timing of a reference
finger according to a reference finger select signal CELL m
REF_FNG, for target cell “m” received from a controller
(not shown). In the meantime, the fingers demodulate broad-
casting channel (BCH) signals from target cell m, detect a

current SFN transmitted from target cell m, and output the
detected SFN CELL m_RTG Value WR, to an SFN RTG

613. The SFN RTG 613 generates an SFN reference timing
for target cell m, CELL m_RTG_Value RD, based on the
PN code timing received from the selector 611. The SFN
RTG 613 includes a 10-ms counter for counting on a chip
basis, a counter for counting an SFN from 0 to 4,095, a
register for loading the detected SFN, CELL m_RTG_Val-
ue_WR, and a register for reading the current SFN, CELL

m_RTG Value RD.
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Regarding the Rx RTG unit 630, a PN code similar to that
used i the CDMA-2000 system (1.e. a scrambling code) 1s
used 1 the W-CDMA system. However, the PN code period
1s 32,768 chips (1.e. 26.67 ms) 1n the CDMA-2000 system,
whereas 1t 15 38,400 chips (1.e. 10 ms) in the W-CDMA
system. As a UE 1s powered-up, a reference timing, that 1s,
the scrambling code timing of a Node B, 1s acquired in an
EPOCH process 1n the same manner as in the CDMA-2000
system. In view of the asynchronous nature, Node Bs are not
synchronized to each other. A Node B cannot determine the
difference (oflset) in scrambling code timing between the
Node B and 1ts neighbor Node Bs because the neighbor
Node Bs use scrambling codes with different timings. Unless
the PN code oflset between channel signals from a plurality
of Node Bs, for example, two Node Bs, 1s narrowed within
a predetermined range, a combiner in the UE cannot com-
bine received symbols.

At a soft handover from a first Node B with a traflic
channel connected to a UE to a second Node B, the first
Node B commands the UE to report its current SEFN. The UE
then reports the current SEN to the first Node B and the first
Node B controls a frame position to be changed for the
second Node B according to an SFN reference timing
corresponding to the current SFN. Therefore, the second
Node B changes the frame offset of a DPCH instead of
changing the scrambling code timing of the second Node B
for the UE. This 1s because 1t 1s better for the UE to
synchronize to the changed DPCH FB by detecting 1t rather
than to track the FBs of CPICH signals from the Node Bs in
order to mimmize time required for a slew in each finger.

If the UE receives three channel signals simultaneously,
three Rx RTG umts 630 are provided because the channel
signals have different FBs. A CCTrCH will be taken as such

a channel signal. When the UE 1s imitially powered-up, an
Rx RTG 637 1s enabled, runs free, and slams to the FB
timing of a reference finger for a corresponding downlink
channel (DL_CH). When the scrambling code timing of the
reference finger, that 1s, the FB of a CPICH signal 1s
changed, the Rx RTG 637 tracks the changed scrambling
code timing. Considering the change of a serving Node B at
solt handover, an appropriate offset must be given to the
scrambling code timing (i1.e., FB timing) of the reference
finger input to the Rx RTG 637 in order to track the
scrambling code timing at the soft handover.

More specifically, the finger FB timing signals
FO_CPICH_ANT_FB to F7_CPICH_ANT_FB output from
the fingers are fed to a selector 631. The selector 631 selects
a finger FB timing corresponding to a reference finger select
signal CHk_FEAR_FNG received from the controller. The
“k” 1n “CHKk” indicates a downlink channel among a plu-
rality of channel signals from one Node B. In general, the
carliest finger 1s designated as the reference finger. An offset
controller 633 controls the offset of the FB timing of the
reference finger according to an FB oflset control signal
DI, CHk FB OFFSET received from the controller. Since
the FB timing output from the selector 631 1s the scrambling
code timing of the CPICH signal, 1t 1s different from that of
the CCTrCH signal. Therefore, the offset controller 633
generates the CCIrCH FB timing from the FB timing
received from the selector 631 through oflset control. Thus,
DI, CHk FB OFFSET indicates the offset between the FB
timing of the CPICH signal and that of the CCTrCH signal.
A processing delay counter 635 delays the downlink channel
FB timing received from the oflset controller 633 by a
predetermined time to prevent processing of the downlink
channel FB timing because the Rx reference timing gener-
ated 1n the Rx RTG 637 serves as the operation timing of a
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combiner. The Rx RTG 637 then generates the Rx reference
timing CHk_DI,_FB based on the signal received from the
processing delay counter.

If the finger FB timing of the reference ﬁnger 1s changed,
an accurate Rx reference timing CHk_DI._FB 1s generated
only when the current finger FB 1s tracked to the changed
finger FB. To do so, a fast tracker 639 1s adopted. Fast
tracking refers to fast tracking relative to tracking i a Tx
RTG 655. The Rx RTG 637, which 1s not influenced by Tx
timing requirements, can track faster than the Tx RTG 655.
When the FB timing of the reference finger 1s changed, the
Rx RTG 637 can track the changed FB timing immediately,
but tracks it up to the SFN preceding the current demodu-
lated SFN of the downlink channel due to errors generated
during symbol combining. For example, the Rx RTG 637
tracks the finger FB of the reference finger with a time
difference of 2 symbol between adjacent symbols. For use
with all spreading factors (SFs), the tracking unit i1s set for
an SF of 4.

A description will be provided of Rx reference timing
tracking according to the tracking unit of the Rx reference
timing generated in the Rx RTG 637 with reference to FIGS.
7A, 7B and 7C.

FIGS. 7A, 7B and 7C schematically depict Rx reference
timing tracking according to the tracking unit of the Rx RTG
637 illustrated 1 FIG. 6. For better understanding of the
description, 1t 1s assumed that a slew 1s performed {for
tracking 1n a predetermined period “Ttrk_Per”, and the slew
amount per slew 1s “Ttrk_gap™.

FIGS. 7A and 7B illustrate positive and negative slews
with respect to a changed finger FB timing in the Rx RTG
637. In the case of positive slew, the Rx RTG 637 slews
Ttrk_gap as 1llustrated 1n FIG. 7A. In the case of negative
slew, Ttrk_gap 1s limited. If Ttrk_gap 1s set to 2 symbols as
illustrated 1n FIG. 7B, symbols equivalent to Ttrk_gap are
buflered but not used for symbol combiming. For example,
when a negative slew occurs at symbol 11, symbol 7 and
symbol 8 are bufllered. In a read operation, reading starts
with symbol 9. Thus, symbol 7 and symbol 8 are eventually
deleted.

To prevent symbol loss caused by negative slew, Ttrk_gap
must be set to be less than a %2 symbol 1n consideration of
combiner processing delays. Referring to FIG. 7C, with
Ttrk_gap less than a 2 symbol, the time for processing
symbol 8 1s a 2 symbol or more. Consequently, the Rx RTG
637 tracks under the control of the fast tracker 639.

A Tx RTG generates a Tx reference timing equal to an Rx
reference timing according to the standards and all BSs
having the same PN code timing except for offsets in the
CDMA-2000 system. Hence, an MS needs one Rx reference
timing. However, a UE has a Tx reference timing earlier than
an Rx reference timing by a predetermined number of chips
(e.g. 1024 chips), in the W-CDMA system. In actual imple-
mentations, 1t may occur that 3 Rx reference timings are
needed for as many Node Bs at soift handover and as a
serving Node B 1s changed, an Rx reference timing 1s
changed. Therelore, 1t 1s preferable to control the Tx and Rx
reference timings separately in the UE. In this context, the
Rx RTG unit 630 and the Tx RTG unit 650 are separately
realized in the present invention.

Regarding the Tx RTG unit 650, as the UE 1s powered-up,
the Tx RTG 655 runs free and slams to the FB timing of a
reference finger for a corresponding Node B. The FB timing
signals FO_CPICH_ANT_FB to F7_CPICH_ANT_FB out-
put from the fingers are fed to a selector 651. The selector
651 selects a finger FB timing corresponding to a reference
finger select signal REF_CELL_SEL received from the
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controller. An offset controller 653 controls the timing oifset
of the selected FB timing according to an FB oflset control
signal DL._DPCH_FB_OFFSET received from the control-
ler. Since the FB timing output from the selector 651 1s the
scrambling code timing of the CPICH signal, it 1s different
from that of the downlink DPCH. Therefore, the offset
controller 653 generates the DPCH FB timing from the FB
timing output from the selector 651 through offset control.
The Tx RTG 655 then generates a Tx reference timing based

on the DPCH FB timing.

A multiplexer (MUX) 659 multiplexes the CPICH FB
timing and the DPCH FB timing 1n time. An uplink timing
generator 661 generates an uplink Tx timing based on the
multiplexed timing. Because the Tx timing of the uplink
DPCH can be changed by a s chip per 140 ms, each time

the DPCH FB timing 1s changed, 1t 1s tracked to using a slow
tracker 657.

FIG. 8 1llustrates the timing relation between cell A and
cell B when a UE moves from cell B to cell A at soit
handover.

Referring to FIG. 8, with a communication link connected
to cell B 1n a connected mode, the UE receirves a first DPCH
signal (DPCH1) 813 with a frame ofifset of 1536 chips from
cell B. The FB of DPCHI1 813 1s 1536 chips apart from that
of a first CPICH signal (CPICH1) 811 from cell B. As
described 1n reference to FIG. 6, the SFN RTG 613 {for cell
B manages the SFNs of cell B 1n the SFN RTG unit 600. The
Rx RTG 637 for DPCH1 813 generates the FB of DPCH1
813, that 1s, an Rx reference timing, by giving some oflsets
to the FB timing of the earliest finger (1.¢., reference finger),
continuously monitoring the FB timing of the reference
finger, and tracking the Rx reference timing to the FB timing
of the reference finger when necessary. The Tx RTG 655
also generates a Tx reference timing by tracking the FB
timing of the reference finger for cell B.

As the UE communicating with cell B moves away from
cell B and enters cell A, a universal mobile telecommuni-
cations system terrestrial radio access network (UTRAN)

commands the UE to report to cell A a connection frame
number (CFN)-SFN observed time difference.

In the meantime, the UE demodulates a BCH from cell A
since the SFN RTG unit 600 already knows the SFNs and
scrambling code timings of cells 1n a soft handover zone.
The UE then loads the SEFN of cell A 1n the SFN RTG 613
for cell A, obtains the CEFN-SEFN observed time diflerence by
comparing the SFNs from the SFN RTGs 613 for cell A and
cell B, and reports 1t to the UTRAN.

The UTRAN then adjusts the Tx timing of DPCH2 187
from cell A to that of DPCHI1 813 from cell B according to
the CFN-SFN observed time difference. Upon receipt of a
soit handover command for changing the serving cell from
cell B to cell A, the UE assigns some of the multi-path
signals received from cell A to fingers and performs macro-
diversity combining. Since the FB of DPCH1 813 1s earlier
than that of DPCH2 817, the Rx RTG 637 tracks the FB
timing of DPCH2 817 of the earliest finger for cell A.

As the reference cell 1s changed to cell A, the oflset of a
DL_CHO_FB_OFFSET register 1s changed to an oflset for

cell A. Also, the Rx RTG 637 tracks the Rx reference timing
to the changed timing for cell A. The Tx RTG 655 also
designates the earliest finger for cell A as a reference finger
and a DL._ DPCH_FB_OFFSET register 1s reset to the offset
of DPCH2 from cell A. The Tx RTG 635 slow tracks Tx
reference timing according to the oflset. When the soft
handover 1s completed, the SFN RTG 613 for generating an
SEFN reference timing for cell B 1s disabled.
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In accordance with the present invention, a UE needs to
manage neither reference timing for each Node B nor Tx and
Rx reference timings separately. Therefore, a searcher 1n the
UE 1s minimized in hardware.

While the invention has been shown and described with
reference to a certain embodiment thereot 1t will be under-
stood by those skilled 1n the art that various changes in form
and details may be made therein without departing from the
spirit and scope of the mvention as defined by the appended
claims.

What 1s claimed 1s:

1. An apparatus for generating reference timings for
channel signal transmission/reception 1 a system where
cach of at least two Node Bs transmits a first channel signal
for providing a reference timing and a second channel signal
different from the first channel signal and a user equipment
(UE) having a plurality of fingers for demodulating the first
channel signal, the apparatus comprising:

a first timing generator for receiving a system frame

number (SFN) of a reference Node B having a com-

munication link established with the UE, selecting a

first channel frame boundary (FB) timing output from

a reference finger that earliest demodulates the first

channel signal from the reference Node B among the

FB timings of the first channel signals from the refer-

ence Node B demodulated in the fingers, and generat-

ing an SFN reference timing based on the SFN of the
reference Node B and the first channel FB timing of the
reference finger;
a second timing generator for generating a second channel
FB timing to demodulate the second channel signal
from the reference Node B by giving a predetermined
timing oflset to the first channel FB timing of the
reference finger; and
a third timing generator for receiving the first channel FB
timing of the reference finger and the second channel
FB timing, and generating an uplink channel FB timing
having a predetermined oflset from the second channel
FB timing.

2. The apparatus of claim 1, wherein the first channel 1s
a common pilot channel (CPICH).

3. The apparatus of claim 1, wherein the second channel
1s a transport channel.

4. An apparatus for generating relerence timings for
channel signal transmission/reception in a user equipment
(UE) that receives channel signals including a first channel
signal from each of at least two Node Bs and has a plurality
of fingers for demodulating the channel signals, the appa-
ratus comprising:

a reference counter for recerving the first channel signal
from a reference Node B currently having a commu-
nication link established with the UE and generating a
code timing synchronmized to a reference timing of the
reference Node B;

as many first timing generators as there are Node Bs, each
first timing generator receiving a first channel frame
boundary (FB) timing from a reference finger being the
carliest finger among the fingers that receive the first
channel signal from each of the Node Bs, receiving a
current system frame number (SFN) of the Node B, and
generating an SFN reference timing based on the SFN
of the Node B and the first channel FB timing of the
reference finger;

as many second timing generators as there are channels
transmitted from each Node B, each second timing
generator generating a reception reference timing syn-
chronized to a second channel FB timing by adjusting
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the first channel FB timing to have a predetermined first

offset and delaying the adjusted first channel FB tim-

ing; and
a third timing generator for receiving the first channel FB
timing of the reference Node B and generating a
transmission reference timing synchronized to the FB
timing ol uplink channel signals transmitted to the
reference Node B by adjusting the first FB timing of the
reference Node B to have a predetermined second
oflset.
5. The apparatus of claim 4, wherein the first channel 1s
a common pilot channel (CPICH).
6. The apparatus of claim 4, wherein the second channel
1s a transport channel.
7. A method of generating reference timings for channel
signal transmission/reception in a system where each of at
least two Node Bs transmits a first channel signal for
providing a reference timing and a second channel signal
different from the first channel signal and a user equipment
(UE) having a plurality of fingers for demodulating the first
channel signal, the method comprising;
receiving a system Iframe number (SFN) of a reference
Node B having a communication link established with
the UE, selecting a first channel frame boundary (FB)
timing output from a reference finger that earliest
demodulates the first channel signal from the reference
Node B among the FB timings of the first channel
signals from the reference Node B demodulated in the
fingers, and generating an SFN reference timing based
on the SFN of the reference Node B and the first
channel FB timing of the reference finger;
generating a second channel FB timing to demodulate the
second channel signal from the reference Node B by
giving a predetermined timing offset to the first channel
FB timing of the reference finger; and

receiving the first channel FB timing of the reference
finger and the second channel FB timing and generating
an uplink channel FB timing having a predetermined
offset from the second channel FB timing.
8. The method of claim 7, wherein the first channel is a
common pilot channel (CPICH).
9. The method of claim 7, wherein the second channel 1s
a transport channel.
10. A method of generating reference timings for channel
signal transmission/reception 1n a user equipment (UE) that
receives channel signals including a first channel signal from
cach of at least two Node Bs and has a plurality of fingers
for demodulating the channel signals, the method compris-
ng:
receiving the first channel signal from a reference Node B
currently having a communication link established with
the UE and generating a code timing synchronized to a
reference timing of the reference Node B;

receiving a first channel frame boundary (FB) timing from
a reference finger being the earliest finger among the
fingers that receive the first channel signal from each of
the Node Bs, receiving a current system frame number
(SFN) of the Node B, and generating an SFN reference
timing based on the SFN of the Node B and the first
channel FB timing of the reference finger;

generating a reception reference timing synchromized to

the FB timing of the second channel signal from the
Node B by adjusting the first channel FB timing to have
a predetermined first offset and delaying the adjusted
first channel FB timing; and

receiving the first channel FB timing of the reference

Node B and generating a transmission reference timing,
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synchronized to the FB timing of uplink channel sig-
nals transmitted to the reference Node B by adjusting
the first FB timing of the reference Node B to have a
predetermined second oilset.

11. The method of claim 10, wherein the first channel 1s
a common pilot channel (CPICH).

12. The apparatus of claim 10, wherein the second chan-
nel 1s a transport channel.

13. An apparatus for generating a reference timing for
channel signal transmission/recaption 1 a system where
cach of at least two Node Bs transmits a first channel signal
to provide a reference timing and a user equipment (UE)
having a plurality of fingers for demodulating the first
channel signal, the apparatus comprising:

a selector for selecting a first channel frame boundary
(FB) timing output from a reference finger that earliest
demodulates the first channel signal from a reference
Node B among the FB timings of the first channel
signals from the reference Node B demodulated 1n the
fingers, the reference Node B currently having a com-
munication link established with the UE; and

a system frame number (SFN) reference timing generator
for recerving an SFN of the reference Node B and
generating an SFN reference timing using the SFN of
the reference Node B and the first channel FB timing of
the reference finger.

14. The apparatus of claim 13, wherein the first channel

1s a common pilot channel (CPICH).

15. An apparatus for generating a relerence timing for
channel signal transmission/reception 1 a system where
cach of at least two Node Bs transmits a first channel signal
for providing a reference timing and a second channel signal
different from the first channel signal and a user equipment
(UE) having a plurality of fingers for demodulating the first
channel signal, the apparatus comprising:

a selector for selecting a first channel frame boundary
(FB) timing output from a reference finger that earliest
demodulates the first channel signal from a reference
Node B among the FB timings of the first channel
signals from the reference Node B demodulated in the
fingers, the reference Node B currently having a com-
munication link established with the UE; and

a reception reference timing generator for generating a
second channel FB timing to demodulate the second
channel signal from the reference Node B by adjusting
the first channel FB timing to have a predetermined
timing oflset.

16. The apparatus of claim 15, wherein the first channel

1s a common pilot channel (CPICH).

17. The apparatus of claim 15, wherein the second chan-
nel 1s a transport channel.

18. An apparatus for generating a reference timing for
channel signal transmission/reception 1 a system where
cach of at least two Node Bs transmits a first channel signal
for providing a reference timing and a second channel signal
different from the first channel signal and a user equipment
(UE) having a plurality of fingers for demodulating the first
channel signal, the apparatus comprising:

a selector for selecting a first channel frame boundary
(FB) timing output from a reference finger that earliest
demodulates the first channel signal from a reference
Node B among the FB timings of the first channel
signals from the reference Node B demodulated 1n the
fingers, the reference Node B currently having a com-
munication link established with the UE; and

a transmission reference timing generator for generating
an uplink channel FB timing by adjusting a second
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channel FB timing to have a predetermined second
timing oilset, the second channel FB timing being
generated for demodulating the second channel signal
from the reference Node B by adjusting the first chan-
nel FB timing of the reference finger to have a prede-
termined first timing oflset.

19. The apparatus of claim 18, wherein the first channel
1s a common pilot channel (CPICH).

20. The apparatus of claim 18, wherein the second chan-
nel 1s a transport channel.

21. A method of generating a reference timing for channel
signal transmission/reception in a system where each of at
least two Node Bs transmits a first channel signal for
providing a reference timing and a second channel signal
different from the first channel signal and a user equipment
(UE) having a plurality of fingers for demodulating the first
channel signal, the method comprising;

selecting a first channel frame boundary (FB) timing

output from a reference finger that earliest demodulates
the first channel signal from a reference Node B among
the FB timings of the first channel signals from the
reference Node B demodulated in the fingers, the
reference Node B currently having a communication
link established with the UE; and

receiving an SFN of the reference Node B and generating

an SFN reference timing using the SEFN of the reference
Node B and the first channel FB timing of the reference
finger.

22. The method of claim 21, wherein the first channel 1s
a common pilot channel (CPICH).

23. Amethod of generating a reference timing for channel
signal transmission/reception in a system where each of at
least two Node Bs transmits a first channel signal for
providing a reference timing and a second channel signal
different from the first channel signal and a user equipment
(UE) having a plurality of fingers for demodulating the first
channel signal, the method comprising;

selecting a first channel frame boundary (FB) timing

output from a reference finger that earliest demodulates
the first channel signal from a reference Node B among
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the FB timings of the first channel signals from the
reference Node B demodulated in the fingers, the

reference Node B currently having a communication
link established with the UE; and

generating a second channel FB timing to demodulate the
second channel signal from the reference Node B by
adjusting the first channel FB timing to have a prede-
termined timing oilset.

24. The method of claim 23, wherein the first channel 1s
a common pilot channel (CPICH).

25. The method of claim 23, wherein the second channel
1s a transport channel.

26. A method of generating a reference timing for channel
signal transmission/reception in a system where each of at
least two Node Bs transmits a first channel signal for
providing a reference timing and a second channel signal
different from the first channel signal and a user equipment
(UE) having a plurality of fingers for demodulating the first
channel signal, the method comprising:

selecting a first channel frame boundary (FB) timing
output from a reference finger that earliest demodulates
the first channel signal from a reference Node B among
the FB timings of the first channel signals from the
reference Node B demodulated in the fingers, the
reference Node B currently having a commumnication

link established with the UE; and

generating an uplink channel FB timing by adjusting a
second channel FB timing to have a predetermined
second timing oifset, the second channel FB timing
being generated for demodulating the second channel
signal from the reference Node B by adjusting the first
channel FB timing of the reference finger to have a
predetermined first timing offset.

27. The method of claim 26, wherein the first channel 1s
a common pilot channel (CPICH).

28. The method of claim 26, wherein the second channel
1s a transport channel.
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